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(57) ABSTRACT

A nerve activity blocking system (100) includes a blocking
clectrode (102) configured to generate a blocking electrical
signal that blocks, at least in part, an action potential
propagating through a nerve system of a body. using a low
frequency alternating current. The blocking electrical signal
prevents propagation of the action potential by overriding
another electrical signal controlling an organ of the body.
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METHODS AND SYSTEMS FOR BLOCKING
NERVE ACTIVITY PROPAGATION IN
NERVE FIBERS

CROSS-REFERENC.

L1l

The present application 1s a national stage entry of Inter-
national (PCT) Patent Application No. PCT/US2018/

028403, filed Apr. 19, 2018, which in turns claims the benefit
of U.S. Provisional Application Ser. No. 62/487,264, filed on
Apr. 19, 2017, titled “METHODS AND SYSTEMS FOR
BLOCKING NERVE ACTIVITY PROPAGATION IN
NERVE FIBERS,” the disclosure of which 1s expressly

incorporated by reference herein.

FIELD OF THE DISCLOSURE

The present disclosure generally relates to nerve fiber
control systems, and more particularly, to methods and
systems for blocking nerve activity propagation 1n nerve
fibers of a nervous system.

BACKGROUND OF THE DISCLOSURE

Activity of major organs including kidneys, pancreas,
liver, ovaries, spleen, heart, are controlled by a part of a
nervous system called an autonomic nervous system. Sen-
sors embedded throughout a body, communicating via the
autonomic nervous system, help regulate how these organs
function. However, in cases of a chronic disease, the regu-
lation of one or more of these organs 1s often uncontrollable,
due to the disease altering sensory information or control
signals to a corresponding organ. In many cases, the illness
alters the signals from the sensors regulating the organ, or
the signal driving the organ function 1s excessively high as
a result of the 1llness.

Electrical stimulation applied through indwelling elec-
trodes 1s seen as a method to reduce these excessively high
signals through blocking. For example, an amount of block-
ing can be adjusted or turned off, and thus the blocking is
considered as a tunable and reversible technique to treat the
illness. Electrical stimulation can target specific nerve
branches implicated in the illness, and thus, unlike drug-
based therapies, which circulate an active agent throughout
the body, electrical stimulation 1s specific to a certain region
of the body. Current diseases or pathologies where the
blocking method 1s being investigated as a therapy include
polycystic ovarian syndrome, diabetes (Type 1 and Type 2),
hypertension, asthma, immuno-inflammation, septic shock,
and metabolic disorders.

Many of these diseases can be ftreated surgically by
cutting the nerves innervating specific organs. However,
surgical interventions are invasive and frequently result in
non-reversible side effects. Thus, it 1s desirable to develop
improved treatment methods and systems that provide a
non-invasive or reversible intervention to avoid the forego-
ing problems with existing systems.

SUMMARY

In an embodiment of the present disclosure, a nerve
activity blocking system 1s provided. Included in the nerve
activity blocking system 1s a blocking electrode configured
to generate a blocking electrical signal that blocks, at least
in part, an action potential propagating through a nerve
system of a body, using a low frequency alternating current.
The blocking electrical signal prevents propagation of the
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action potential by overriding another electrical signal con-
trolling an organ of the body.

In one example, a current level of the low frequency
alternating current 1s approximately 100 microampere.

In another example, a frequency level of the low {fre-
quency alternating current ranges between 0.01 hertz and
100 hertz.

In yet another example, at least one of frequency and
amplitude of the blocking electrical signal selectively con-
trols an eflect of the blocking based on a fiber type of the
nerve system.

In still another example, the nerve activity blocking
system 1ncludes a first recording electrode disposed
upstream of the blocking electrode, and configured to moni-
tor the action potential propagating through the nerve sys-
tem.

In yet still another example, the nerve activity blocking
system 1ncludes a second recording electrode disposed
downstream of the blocking electrode and configured to
monitor an extent of blocking of the action potential by the
blocking electrical signal.

In a further example, the blocking electrical signal
includes at least one non-blocking zone and at least one
blocking zone. Each zone 1s defined based on a voltage
range associated with the blocking electrode. In a variation,
while the at least one non-blocking zone continues, the
blocking electrical signal allows the action potential to pass
until a voltage level delivered to the blocking electrode
reaches a first predetermined threshold. In another variation,
while the at least one blocking zone continues, the blocking
clectrical signal blocks the action potential until a voltage
level delivered to the blocking electrode reaches a second
predetermined threshold.

In a yet further example, the nerve activity blocking
system 1ncludes another blocking electrode configured to
generate an electrical signal that causes a complete block of
the action potential by phasing the electrical signal with the
blocking electrical signal.

In a still further example, the blocking electrode 1s oper-
ating at a frequency outside of a recording bandwidth of
nerve activity in the body.

In another embodiment of the present disclosure, a
method of blocking a nerve activity 1n a body 1s disclosed.
The method includes generating, using a blocking electrode,
a blocking electrical signal that blocks, at least 1n part, an
action potential propagating through a nerve system of the
body using a low frequency alternating current, and pre-
venting, using the blocking electrical signal, propagation of
the action potential by overriding another electrical signal
controlling an organ of the body.

In one example, the method further includes setting a
current level of the low frequency alternating current at
approximately 100 microampere.

In another example, the method further includes setting a
frequency level of the low frequency alternating current
ranging between 0.01 hertz and 100 hertz.

In yet another example, the method further includes
selectively controlling an eflect of the blocking based on a
fiber type of the nerve system based on at least one of
frequency and amplitude of the blocking electrical signal.

In still another example, the method further includes
disposing a first recording electrode upstream of the block-
ing electrode, and monitoring the action potential propagat-
ing through the nerve system using the first recording
clectrode.

In yet still another example, the method further includes
disposing a second recording electrode downstream of the
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blocking electrode, and monitoring an extent of blockmg of
the action poten‘[lal by the blocking electrical signal using
the second recording electrode.

In a further example, the method further includes 1nclud-
ing, 1 the blocking electrical signal, at least one non-
blocking zone and at least one blocking zone, wherein each
zone 1s defined based on a voltage range associated with the
blocking electrode. The method further includes allowing,
while the at least one non-blocking zone continues, the
action potential to pass until a voltage level delivered to the
blocking electrode reaches a first predetermined threshold,
and blocking, while the at least one blocking zone continues,
the action potential until the voltage level delivered to the
blocking electrode reaches a second predetermined thresh-

old.
In a yet further example, the method further includes

generating, using another blocking electrode, an electrical
signal that causes a complete block of the action potential by
phasing the electrical signal with the blocking electrical
signal.

In a still further example, the method further includes
operating the blocking electrode at a frequency outside of a
recording bandwidth of nerve activity in the body.

Additional features and advantages of the present disclo-
sure will become apparent to those skilled 1n the art upon
consideration of the following detailed description of the
illustrative embodiment exemplifying the best mode of
carrying out the present disclosure as presently perceived.

BRIEF DESCRIPTION OF THE

DRAWINGS

The features and advantages of the disclosure will become
more readily appreciated as the same become better under-
stood by reference to the following detailed description
when taken 1n conjunction with the accompanying drawings,
where:

FIG. 1 1s a schematic diagram of a low frequency alter-
nating current blocking system in accordance with one
embodiment of the present disclosure;

FIG. 2 1s a pictonal representation of an exemplary data
of the blocking system of FIG. 1 1n accordance with one
embodiment of the present disclosure;

FIG. 3 1s a pictonal representation of another exemplary
data of the blocking system of FIG. 1 1n accordance with one
embodiment of the present disclosure;

FIG. 4 1s a schematic diagram of a low frequency alter-
nating current blocking system in accordance with another
embodiment of the present disclosure;

FIG. 5 1s a graphical representation of an exemplary data
of the blocking system featuring a block signal and a nerve
activation signal; and

FIG. 6 1s a pictorial representation of yet another exem-
plary data of the blocking system of FIG. 1 in accordance
with one embodiment of the present disclosure.

While the present disclosure i1s amenable to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and are
described 1n detail below. The 1ntention, however, 1s not to
limit the present disclosure to the particular embodiments
described. On the contrary, the present disclosure 1s intended
to cover all modifications, equivalents, and alternatives
talling within the scope of the present disclosure as defined
by the appended claims.

DETAILED DESCRIPTION OF

EMBODIMENTS

For the purpose of promoting an understanding of the
principles of the present disclosure, reference will now be
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made to the embodiments 1llustrated in the drawings, which
are described below. The embodiments disclosed below are
not intended to be exhaustive or limit the present disclosure
to the precise form disclosed i the following detailed
description. Rather, the embodiments are chosen and
described so that others skilled 1n the art may utilize their
teachings. It will be understood that no limitation of the
scope of the present disclosure i1s thereby intended. The
present disclosure includes any alterations and further modi-
fications 1n the illustrated devices and described methods
and further applications of the principles of the present
disclosure which would normally occur to one skilled 1n the
art to which the present disclosure relates.

Retferring now to FIG. 1, the present disclosure describes
a novel means to eflect blocking of nerve activity propagat-
ing in nerve fibers. A system and method, titled as “Low
Frequency Alternating Current” (LFAC) block 1s generally
designated 100, and involves the use of a low frequency
alternating blocking current/voltage delivered to a bipolar or
multipolar nerve electrode. In one example, the system 100
1s demonstrated on earthworm nerve cord and ex-vivo
canine vagus nerves. In one example, a blocking wavetform
1s altered in pilot demonstrations, which indicate that fre-
quency and amplitude can have a selective eflect on different
fiber types. There 1s some indication that periods of the block
are selective to smaller fibers, while other periods are
selective to larger fibers. Thus, there 1s an indication of a
possibility of tuning the stimulus waveform to eflect fiber
s1ze selectivity. In thus example, an in-silico model of the
phenomenon 1s being constructed to enable mnformed elec-
trode and waveform designs to eflect more ethicient blocking
and to understand the underlying mechanisms of LFAC
block 100.

More specifically, peripheral nerves are major communi-
cation pathways that a nervous system uses to send infor-
mation from a brain/spinal cord to major organs throughout
the body. FElectrical stimulation of nerves that innervate
these organs has been shown to override the signals con-
trolling the organ. There are two modes in which electrical
stimulation influence the neural signaling to the organs. One
mode 15 called activation, where the electrical stimulation
impulses 1ntroduce activity into the nerve. This increased
activity translates to a signal communicating “More.” The
second mode 1n which electrical stimulation can be used 1s
called “Blocking.” In this case, electrical stimulation stops
the ongoing activity tlowing through the nerve bundle next
to the electrode, decreasing the transmission of activity in
the nerve and signaling “Less.”

Although activation has been described and understood
for at least three centuries, blocking at biocompatible current
levels has not. Conventional techniques that are known or
being nvestigated include direct current block (DC) or
Anodal Block, kilohertz frequency alternating current block
(KHFAC) block. The in-silico models are currently suggest-
ing that Anodal and KHFAC block are different than the
mechanism for LFAC block. Anodal block 1s a result of
hyperpolarization of the nerve membrane potential. KHFAC
block 1s considered to have a mechamism of open state
sodium channel 1nactivation, which requires the nerve fiber
to turn on before 1t occurs. It can be thought of as a means
to extend the refractoriness of the nerve fiber. Slow ramps,
and potentially DC block have similar mechanisms to LFAC
block. The lowest threshold block can be a closed state
sodium channel inactivation. It 1s a means to quench nerve
activity without activation of the sodium channel. There can
be a secondary mechanism for block at a higher threshold.
At that pomt, the LFAC wavelorm causes anodal break
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activation, which, 1t phased properly with a second LFAC
channel, causes collision block of the nerve. Finally, at very
high levels of block stimulus amplitude, the Anodic phase of
the wavelorm causes hyperpolarization block.

However, the DC block 1s not considered safe for long
term use because of toxic Faradic byproducts produced at
cach electrode used to establish the block. These byproducts
are produced by irreversible oxidative-reductive (redox)
reactions taking place at each electrode, and not only cause
mjury to tissues, but also erode the electrode with time.
KHFAC 1nvolves the use of high frequency (e.g., greater
than or equal to lIkHz) alternating current to eflect a nerve
block. KHFAC blocks are eflected with currents on the order
of 1 mA. There are a few ways the nerve block can work.
First method involves an artificial activation through an
clectrode and then blocking a portion or the entire artificially
activated nerve volley. Second method 1s to electrically
block natural ongoing activity to remove or modulate aber-
rant nerve activity. Third method can sequence the block in
a way to enable direction (one way block/activation) or
velocity selective block with or without artificial nerve
activation.

In contrast, the present system and method 100 utilize low
frequency (e.g., lower than or equal to 250 mHz) alternating
currents directed through bipolar nerve cufl electrodes to
enable blocking of nerve propagation through the blocking
clectrode. In one embodiment, the LFAC block phenomenon
can extend from several hundred Hz down to the millihertz
(mHz). An exemplary range of LFAC block 1s between 0.01
Hz and 100 Hz or between 10 mHz and 100 Hz. In another
embodiment, a practical range of LFAC block 1s 1n the 100°s
of Hz down to 10’s of mHz. For example, the models can
suggest that 10 Hz 1s optimal for small fibers. In fact, the
frequency can lend 1tself to fiber size selective block because
of the temporal/spatial cable properties of the nerve, which
can be a function of a fiber diameter.

In one example, the current levels of LFAC are much
lower than KHFAC blocks, and are 1n the approximately 100
microampere (UA) range well within a water window of the
clectrode, or the buildup of charge on the electrode that leads
to an oxidation/reduction reaction. With this configuration of
low frequency and low current, the present system and
method 100 significantly reduces or eliminates the harmiul
ellect of erosion on the electrodes in surrounding areas,
thereby producing little or no damage to adjacent tissues. A
consequence of the slow cycling of the current from one
current to another i a bipolar set of electrodes 1s that the
block 1s eflected on each electrode 1n turn when 1t 1s an
anode, and there 1s an intermediate period where the poten-
tial at both electrodes 1s not suflicient to block. Complete
block could be effected with a second set of electrodes using,
the LFAC block wavetorm, but phased such that the second
set would be blocking 1n the phase where the first set of
clectrodes are not blocking, and the first set of electrodes are
blocking in the phase where the second set 1s not blocking.

Another feature of LFAC block 100 1s that the blocking
wavelorm 1s at a frequency outside of the recording band-
width of nerve activity. In standard stimulation, the release
points of DC block and KHFAC block generate significant
stimulus artifacts 1n cases where bioelectric activity 1s being
monitored (recorded) during stimulation. Since LFAC block
100 1s out of band with nerve or muscle activity, there 1s
essentially no artifact and activity can be easily monitored
during the use of LFAC block 100.

FIG. 1 shows an exemplary design used to test the LEAC
block system 100 in both an earthworm and ex-vivo canine
vagus nerve preparation. In this example, the mechanism for
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LFAC block 100 1s similar to DC or anodal block. The
mechanism of the block 100 passes current through the
clectrode results 1n the local hyperpolarization of the trans-
membrane potential at the Anode, increasing the threshold
of activation beyond what 1s possible through the potentials
generated by the propagating action potential. This extin-
guishes propagating action potential as a function of the
length constant of the nerve fiber and the accommodation
rate of the fiber’s membrane. It 1s advantageous that unlike

DC block, the currents of LFAC block 100 are cycled to
reverse the reactions taking place at the electrode and
recapture byproducts, thus LFAC block 100 1s advanta-
geously biocompatible and compatible for long term use.
In one embodiment, there are two mechanisms for LFAC
block 100, namely a closed state sodium channel 1activa-
tion block and a hyperpolarization block. A parameter enve-
lope including, but not limited to, frequency, amplitude,

phasing vs. fiber diameter and type information associated
with LFAC block 100, can be used for operation of LFAC
block 100. For example, the 1tnactivation and/or hyperpolar-
1zation mechanisms can be used to operate LFAC block 100
along with the parameter envelope. Such nactivation and/or
hyperpolarization mechanisms can be used for in-silico,
eXx-vivo, or 1n-vivo models of the phenomenon to effect more
eflicient blocking.

In FIG. 1, at least one blocking cuil electrode 102 along
with a blocking stimulus 1s shown. During zero crossing
portions, blocking cufl electrode 102 allows the action
potentials to pass until (green zone 104—mnon-blocking) the
blocking wavetorm reaches a certain threshold range (e.g.,
as shown 1 FIG. 1, greater than 0.7 volt (V) or less than —0.5
volt (V)), above which the propagating nerve activity 1s
blocked (red zone 106—blocked). However, the threshold
range may vary depending on types of electrodes used or
blocking tissues (e.g., fatty nerves). Addition of another pair
of contacts and using a second LFAC wavelorm phased to
block during the non-blocking phase of the first electrode
pair should enable complete block of the nerve.

In FIG. 1, a stimulation (activation) electrode 108 1s used
further upstream than the upstream recording electrode to
generate a propagating nerve volley going from upstream
recording electrode to the downstream recording electrode.
Upstream electrodes 110 monaitor the nerve volley upstream
of blocking cufl electrode 102. A second set of monitoring
clectrodes 112 are placed downstream of blocking cuil
clectrode 102 to monitor whether the volley has propagated
through blocking electrode 102 or whether 1t was blocked.
A LFAC blocking wavetform 1s presented to contacts of a
bipolar cull electrode. The bottom portion of FIG. 1 shows
which contact of the blocking electrode 1s blocking and
which 1s facilitating, 1 response to the phase of the LFAC
blocking waveform. Near the zero crossing, neither elec-
trode contact presents a potential to effect blocking, thus
cnabling propagation of the nerve activity through the
blocking cutil.

In the 1llustrated embodiment, LFAC block system 100 1s
used to demonstrate that the block occurred. In this example,
the nerve activity 1s mitiated through first electrode 108 to
experimentally model nerve activity traveling down the
nerve. Second electrode 102 (conditioning or blocking elec-
trode) would either block or not block the action potential.
It the block 1s demonstrated, a third electrode (e.g., the
recording electrode 112) disposed downstream of second
clectrode 102 cannot see the nerve activity generated with
first electrode 108. In one embodiment, this configuration
can be used as a therapy.
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Other suitable configurations of LFAC block system 100
are also contemplated. For example, in another embodiment,
the block can be applied open loop either continuously or
with an on/ofl duty cycle. Another possibility 1s to have an
on-demand block, in which case, the ongoing activity or
symptom 1s monitored, and the block i1s turned on when
needed.

In one example, this technique i1s tested 1n an earthworm

nerve cord preparation, and the tissue used 1s an earthworm.
Earthworms contain two “giant” nerve fibers, a medial fiber
and a lateral fiber. The medial fiber has a diameter that 1s
roughly double that of the lateral fiber, and thus has a
conduction velocity that 1s roughly two times the velocity of
the lateral fiber. All of the difliculties and non-linearlities
involved with 1n-vivo nerve stimulation and recording are
present with the earthworm, and thus the earthworm 1s an
1ideal platform for testing. The earthworm represents a large
peripheral nerve trunk with two nerve fibers.
In another embodiment, multiple LFAC sites and
sequence/phase the stimulation can be utilized so that com-
plete block can be achieved, or activity of a specific con-
duction velocity 1s passed while all other conduction veloci-
ties are blocked. In one example, the selective passing of a
specific conduction velocity can be 1n one (anterograde or
retrograde) or both directions depending on how the pass
phase of the LFAC sites are sequenced. For example, if the
two sites are spaced by 100 mm, and the pass phase of
LFACI leads the pass phase of LFAC2 by 10 ms, the two
sites will pass conduction of fibers that have conduction
velocities of 10 m/s (100 mm/10 ms) going in the direction
of LFACI1 to LFAC2. Other velocities would be blocked. In
yet another embodiment, the blocking cufl 102 shown in
FIG. 1 can be configured with an amplifier so that the
potential or current can be monitored at each of the contacts.
This configuration provides a cyclic voltammetry to monitor
whether toxic reactions are taking place during LFAC stimu-
lation.

Referring now to FIG. 2, the system 100 described above
1s tested using the earthworm as a peripheral nerve analog.
FIG. 2 illustrates an exemplary experiment in an earthworm
preparation. The earthworm preparation resolves how LFAC
allects nerve fibers on a fiber by fiber basis. The earthworm
has two giant nerve fibers that have different conduction
velocities, which can be monitored how the block aflects
slower and faster fibers in the earthworm independently.

A left panel 202 shows blocking stimulus and a right panel
200 shows the stimulus triggered downstream recording. In

the downstream recording, a red band 204 1s shown where
the MGF and LGF are blocked. The results of the experi-

ment are shown in FIG. 2. On the right panel 200 of this
figure, recording sweeps from continuously acquired signal
from the downstream electrode 112 are extracted and plotted
as a function of time. Each line represents a 25 millisecond
(ms) extraction of the continuous data, aligned to the time
when the stimulation (activation) pulse was delivered. A
deflection 203 represents the stimulus artifact (e.g., turned
- using a 0-5 volt range) picked up by the

on and off
downstream electrode 112. The time increment at 5 ms
indicates the time where the deflection resulting from the
taster fiber (LGF—Lateral giant fiber) arrives at the down-
stream electrode and 1s either detected or missing. The time
increment at 13 ms indicates the time where the detlection
resulting ifrom the detection of the slower fiber (MGF—
Median giant fiber) occurs. Depending on the phase and
magnitude of the blocking stimulus wavetform shown in a
left panel 202, one can see that there are periods where both

the MGF and LGF are blocked (periods marked in red 204),
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as 1n the first few sweeps of the recording, and periods where
the MGF and/or LGF propagate and are detected (deflec-
tions marked in green 206). Interestingly, there are periods
where the slower fiber (IMGF) 1s blocked while conduction
of the faster fiber (LGF) 1s not and vise-versa.

Referring now to FIG. 3, exemplary data resulting from
the blocking system 100 1s shown. In this example, the work
on the ex-vivo dog vagus nerve shows crossover of the
technique to mammalian nerves. In this case, there are
hundreds of nerve fibers and 1t 1s difficult to resolve the effect
on a fiber to fiber basis. But, the eflect on electrically
activated mass nerve activity can be seen by monitoring the
various peaks of the compound action potential (CAP).

More specifically, upstream recording 300 on the left
shows a steady and constant compound action potential
(CAP) while downstream recording 302 has a CAP that 1s
altered by the blocking cufl stimulation. On the far left and
far right the blue wavetforms 304 show an absolute averaged
wavelorm on the maximum point of the CAP for the
upstream and downstream recordings, respectively. The
bottom wavetorms show the CAP for both the upstream and
downstream recordings for blocking periods 306 and no
block periods 308.

In this example, moving from the earthworm to the ex
vivo canine vagus nerve, the same system 100 1s used as
described 1n FIG. 1. The vagus nerves 1s excised from
freshly euthanized canines and placed in the test setup as
described earlier. The canine nerve 1s used to establish that
the LFAC block eflect seen 1n the earthworm translated to
mammalian nerves. The results are shown 1n FIG. 3. Unlike
the earthworm, the canine vagus contains hundreds of nerve
fibers of various diameters (conduction velocities) and types
(myelinated and unmyelinated). Stimulation of the nerve for
suprathreshold activation, results mn a compound action
potential volley that disperses with distance into the various
peaks associated with nerve fibers of differing conduction
velocities. Thus, the data shown in FIG. 3, unlike the two
single unit detlections seen 1n the earthworm data, displays
the presence or lack of presence of the compound action
potential.

Upstream electrode 110 detects a consistent compound
action potential (CAP) occurring between 2.9 and 3.9 ms
post stimulus, while downstream electrode 112 detects a
dispersed CAP that occurs only during phases of the block-
ing wavelorm where the waveform 1s near zero. The experi-
ment demonstrates that LFAC block 100 can be effected in
the mammalian nerve.

FIG. 4 shows another exemplary design used to test LEFAC
block system 100" using at least two blocking electrodes

102A and 102B. In this configuration, a full block 1s
achieved by using two LFAC channels LFAC1 102A and
LFAC?2 102B that are selectively phased so that a no-block
phase of one channel 102A 1s a block phase of the second
channel 102B. As a result, the electrical signal (e.g., action
potential AP) generated by first electrode 108 1s completely
blocked 1n the LFAC1&2 time region, thereby preventing 1t
from propagating through the nerve system.

FIG. 5 shows exemplary results from an experiment
illustrating that there 1s frequency dependence to the thresh-

olds of block and activation, as well as evidence showing
that there 1s a window 500A, 5008, 500C (collectively 500)

of block without activation. Each window 500A, 500B,
500C represents a gap between a block threshold 502 and an
activation threshold 504, during which a successiul block
can occur without the nerve activation propagating the
action potential. In this exemplary plot, an X-axis 1s shown
in a logarithmic-linear scale representing LFAC frequency,
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and a Y-axis 1s shown 1n a linear plot representing threshold
current. For example, for X-axis, 10° represents an integer
value of 1 and 10" represents an integer value of 10.

FIG. 6 shows exemplary in-silico simulations of LFAC

block system 100 and/or 100" at 10 Hz and various types of 5

blocks and activations that occur with increasing block
stimulation amplitude. In this example, there 1s a window
during which the closed state sodium channel nactivation
occurs without the nerve activation. For example, 1n a first
graphical representation 600, the action potential AP 1is
successiully blocked without the nerve activation at a loca-
tion ol approximately 23 millimeter in the sample nerve
fiber when using a current level of 20 microampere. How-
ever, as shown 1n the other graphical representations 602,
604, 606, the nerve activation occurs when using the current
level at 30, 50, or 100 microampere. Thus, as 1llustrated 1n
a bar graph 608 shown 1n a logarithmic-linear scale, exem-
plary conditioming current amplitude for successiul blocking
without the nerve activation can range between 2.5 and 25
microampere to avoid the unwanted nerve activation. The
subthreshold represents another window where no blocking
occurs. In further embodiments, LFAC block 100 can be
used to demonstrate the concept in-vivo 1 an anaesthetized
amimal, and to model/describe mn-silico the biophysics dem-
onstrated by FIGS. 2-6. Furthermore, while the above
description describes hardware 1n the form of a processor
executing code, hardware 1n the form of a state machine, or
dedicated logic capable of producing the same eflect, other
structures are also contemplated.

While this present disclosure has been described as hav-
ing an exemplary design, the present disclosure may be
turther modified within the spirit and scope of this disclo-
sure. This application 1s therefore intended to cover any
variations, uses, or adaptations of the present disclosure
using 1ts general principles. Further, this application 1s
intended to cover such departures from the present disclo-
sure as come within known or customary practice in the art
to which this present disclosure pertains.

What 1s claimed 1s:

1. A nerve activity blocking system, comprising:

first and second electrodes;

a blocking signal generator configured to generate a first
blocking electrical signal coupled to the first and sec-
ond electrodes, wherein the first blocking electrical
signal 1s a sinusoidal low frequency alternating current
signal having a frequency between 0.01 Hz and 100 Hz
defining alternating positive voltage components and
negative voltage components;

wherein the positive voltage components and the negative
voltage components have peak voltage levels greater
than non-zero threshold voltage levels defining block-
ing zones that cause the blocking electrical signal to
prevent propagation of action potentials by overriding
another electrical signal controlling an organ of the
body, and wherein voltages of the positive voltage
components and the negative voltage components less
than the non-zero threshold voltage levels define non-
blocking zones allowing propagation of the action
potentials.

2. The system of claim 1, wherein a current level of the
low frequency alternating current 1s approximately 100
microampere.

3. The system of claim 1, wherein at least one of fre-
quency and amplitude of the blocking electrical signal
selectively controls an effect of the blocking based on a fiber
type of the nerve system.
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4. The system of claim 1, further comprising a first
recording electrode disposed upstream of the first and sec-
ond electrodes, and configured to monitor the action poten-
tial propagating through the nerve system.

5. The system of claim 1, further comprising a second
recording electrode disposed downstream of the first and
second electrodes, and configured to monitor an extent of
blocking of the action potential by the blocking electrical

signal.

6. The system of claim 1, further comprising third and
fourth blocking electrodes coupled to a blocking signal
generator configured to generate a second blocking electrical
signal that causes a complete block of the action potential by
phasing the second blocking electrical signal with the first

blocking electrical signal.
7. A method of blocking a nerve activity 1n a body,
comprising;
generating, using a blocking signal generator, a first
blocking electrical signal that blocks, at least in part, an
action potential propagating through a nerve system of
the body using a low frequency alternating current; and

applying the first blocking electrical signal to the body
through first and second electrodes;

preventing, using the first blocking electrical signal,

propagation of the action potential by overriding
another electrical signal controlling an organ of the
body; and

wherein the first blocking electrical signal 1s a sinusoidal

low frequency alternating current signal having a fre-
quency between 0.01 Hz and 100 Hz defining alternat-
ing positive voltage components and negative voltage
components, and wherein the positive voltage compo-
nents and the negative voltage components have peak
voltage levels greater than non-zero threshold voltage
levels defining blocking zones that cause the blocking
clectrical signal to prevent propagation of action poten-
tials, and wherein voltages of the positive voltage
components and the negative voltage components less
than the non-zero threshold voltage levels define non-
blocking zones allowing propagation of the action
potentials.

8. The method of claim 7, further comprising setting a
current level of the low frequency alternating current at
approximately 100 microampere.

9. The method of claim 7, turther comprising selectively
controlling an effect of the blocking based on a fiber type of
the nerve system based on at least one of frequency and
amplitude of the blocking electrical signal.

10. The method of claim 7, further comprising:

disposing a first recording electrode upstream of the first

and second electrodes; and

monitoring the action potential propagating through the

nerve system using the first recording electrode.

11. The method of claim 7, further comprising:

disposing a second recording electrode downstream of the

first and second electrodes; and

monitoring an extent of blocking of the action potential by

the blocking electrical signal using the second record-
ing electrode.

12. The method of claim 7, further comprising generating
a second blocking electrical signal and applying the second
blocking electrical signal to the body using third and fourth
clectrodes, wherein the second blocking electrical signal
causes a complete block of the action potential by phasing
the electrical second signal with the first blocking electrical
signal.
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